On a bare TiO 2 (110) surface Cu easily aggregates to Cu particles by vacuum evaporation while on the TiO 2 (110) surface premodified with 3-thiophene carboxylic acid provide monoatomically dispersed Cu species which will lead to small nanocluster with less than 1 nm in size. 
Introduction
Metal oxides are widely used as substrates for obtaining highly dispersed metal clusters with their size less than a few nm which are stabilized by a metal-oxide chemical interaction. A well-defined single crystal oxide is used as a model substrate to investigate the metal-oxide interaction [1] . Cu on a rutile TiO 2 (110) surface is one of the most widely investigated surfaces [2] [3] [4] [5] [6] [7] [8] [9] [10] because supported Cu on oxides has important catalytic properties [11] [12] [13] . These studies have demonstrated that it is usually quite difficult to obtain fine clusters less than 1 nm in size by simple vacuum evaporation of Cu on the TiO 2 (110) [6, 8] . Therefore, another approach is required to obtain Cu metal clusters smaller than 1 nm. Highly dispersed Cu 3 triangle and Cu 6 prism clusters have been prepared by using the organometallic compound Cu(DPM) 2 (DPM= dipivaloylmethanate = 2,2,6,6-tetramethyl-3,5-heptadione) [9] . It has been suggested that the DPM ligands play an important role in preventing Cu aggregation, by stabilizing the Cu monomer on the surface. However, this method requires an elaborate chemical synthesis or the purchase of an expensive precursor. We expected that when a TiO 2 (110) surface was covered with an organic molecule possessing a substituent atom which can coordinate to Cu, the adsorbed organic molecule would stabilize the Cu species and block their diffusion. This new approach (which can be called a premodified surface method), if successful, would be much easier than the organometallic compound method for obtaining a highly dispersed metal species, and is also of interest with respect to understanding the metal-support interaction. The organic molecules we have focused on are carboxylic acids which are adsorbed stably on a TiO 2 (110) surface and create a well-ordered monolayer with a (2 x 1) superstructure at room temperature [14] [15] [16] [17] [18] [19] [20] . In this study, we used the 3-thiophene carboxylic acid (TCA) because TCA has a thiophene ring containing a sulfur atom which can coordinate to a Cu atom. In this work, the surface structure of Cu species on the modified TiO 2 (110) surface was determined by polarization-dependent total reflection fluorescence XAFS (PTRF-XAFS). PTRF-XAFS can determine definite three-dimensional surface structures of the overlayer metals interacting with the substrate surface at sub-Ångstrom resolutions [9, [21] [22] [23] [24] . The present PTRF-XAFS results indicate that the adsorbed TCA on the TiO 2 (110) surface can strongly trap Cu atoms through the formation of S-Cu bonds.
Experimental
All procedures were conducted in a PTRF-XAFS UHV chamber equipped with standard sample preparation and surface analysis techniques, with a base pressure less than 3 ×10 [9, 22, 24] .
The Cu K α fluorescence was detected by a 19-element Ge solid state detector (SSDGL0110S, Canberra, USA). PTRF-XAFS analysis was carried out by REX 2000 (Rigaku Co., Japan) and FEFF8.02 code [26] . Peak B in the spectra for Cu/TiO 2 (110) was less strong than that of Cu foil.
Greaves et al. have claimed that peak B is reproduced only when multiple scattering
calculations are included in the third or higher shells around a Cu atom [27] . A similar feature for peak B was also observed in a small Cu cluster [9, 28, 29] .
Thus the Cu species on a bare TiO 2 (110) was in the form of small clusters. Peak To derive a detailed structure, an iteration method using a FEFF code and a real-space model structure was employed [9, [22] [23] [24] . Figure 3 
Conclusion
Atomically dispersed Cu species on a TiO 2 (110) surface were successfully obtained by employing a surface premodified with 3-thiophenecarboxylic acid.
The premodified surface method can be a novel method for obtaining a highly dispersed metal species on a single crystal metal oxide surface and the new method is also of interest with respect to understanding the metal-support interaction. We are now extending our work to prepare a well-defined Cu array on the TiO 2 (110) surface. surface with 3-thiophenecarboxylic species that has a S atom coordinating to Cu. This premodified surface method is easier and less expensive. We have studied the Cu species structure using the polarization dependent total reflection fluorescence X-ray absorption fine structure(PTRF-XAFS).
The PTRF-XAFS provides us information about the three dimensional structure of Cu species even if it has no long range order.
We successfully stabilized the monoatomically dispersed Cu species with the Cu-S bonding.
In this paper we would like to present the three dimensional structure of the Cu species and describe the new approach of premodified surface method to create highly dispersed Cu species. This new method will open a new preparation of nanoparticles in an easy and controllable manner. I hope the paper is accepted in Chemical Physics Letters and the method will prevail widely.
